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in a large percentage of treated cells (Ke85a, C186a, C186b, Wa88). The
frequency with which this event can be produced experimentally far exceeds
the frequency of mutations at any one gene locus, contradicting the notion
that the initiating event is a specific single-locus mutation. Instead, initiation
more likely appears to be an event that increases the genomic instability
of the cells in subsequent rounds of cell division (C186b, Wa88, Ke84b).
Although much experimental data has suggested that the first event in
radiation and chemical carcinogenesis is a widespread, nonmutagenic type
event, the same data has suggested that later events in the carcinogenic
process appear to behave like mutations. Thus the notion that mutagenic
events may occur in carcinogenesis still has widespread support, as indicated
elsewhere in this report.

The hypothesized high-frequency initiating event could conceivably be
a change in gene expression (for example, see Fa80) of a type that might
occur in a large proportion of irradiated cells (Sc85); in Escherichia coli, for
example, radiation induces an error-prone DNA repair system (the SOS
system) which leads to mutations that would otherwise occur only rarely
(Wi76). Although the SOS system is activated for only a short period of
time, other radiation-induced systems may be activated for longer peri-
ods; for example, recombinational events in yeast continue to occur for
many generations after irradiation (R77). In this connection, it is note-
worthy that SOS functions are also activated by a protease (LiSOa) but are
suppressed by protease inhibitors (Me77), which also suppress radiation-
induced recombination in yeast (Wi84) and radiation-induced malignant
cell transformation in vitro (Ke85b). Many other agents that enhance
or suppress carcinogenesis in vivo exert similar erTects on malignant cell
transformation in vitro (Ke84a); these include retinoids (vitamin A deriva-
tives), antiinflammatory steroidal agents, antioxidants, vitamins, protease
inhibitors, and other substances (S180, Pe85, Wa85, Ke84a).

After exposure to a carcinogen, proliferation of the exposed cells is
essential to their subsequent neoplastic transformation. Tissue irritation,
which stimulates cell division, was recognized long ago to increase the prob-
ability of tumor development; for example, following carcinogen treatment
of the skin or liver, wounding of the skin or partial hepatectomy enhances
tumor formation in the skin or liver, respectively (Su73). Similarly, the
carcinogenic effects of 210Po alpha radiation on the lung of the hamster are
enhanced by repeated instillation of saline into the airway, which stimulates
proliferation of pulmonary epithelial cells (Li78, Sh82). Likewise, cigarette
smoke, which contains small amounts of many known carcinogenic agents
(such as 210Po) and which is a potent irritant, appears to potentiate the
erTects of inhaled radon and its daughter products in uranium miners (Lo44,
Lu71, Sa84). Proliferation is thought to play a role in the fixation of radia-